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ZOOM LENS CONTROL APPARATUS, ZOOM LENS SYSTEM, AND 

IMAGE-TAKING SYSTEM 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

[0001] The present invention relates to a zoom lens control 
apparatus, a zoom lens system, and an image-taking system which 
uses the zoom lens control apparatus. 

2. DESCRIPTION OF RELATED ART ' 

[0002] When a zoom lens is mounted on a television camera or a 
video camera, it is necessary to adjust a flange focal distance to 
match the position of an image plane to the position of the image- 
pickup device (such as a CCD) of the camera. The flange focal 
distance means a distance from a plane of the camera (a flange 
plane) on which the zoom lens is mounted, to the image plane of 
the zoom lens. 

[0003] If the flange focal distance deviates from an appropriate 
value, disadvantages occur such as an image blur caused from 
zooming even when an image of a stationary object is taken. 
Especially in a zoom lens apparatus of a rear focus type which 
achieves focusing by a lens located on the side of a stop 
(diaphragm) closer to an image plane, a data table which includes 
a moving track of the rear focus lens on an optical axis (a zoom 
tracking curve) is previously stored in a memory for each object 
distance such that an in-focus state can be maintained by moving 
the rear focus lens in electric synchronization with zooming. 
[0004] In such a zoom lens of the rear focus type, the flange 
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focal distance needs to be adjusted to match a reference position 
in the data table to the position of the rear focus lens in order 
to allow accurate focusing. 

[0005] Japanese Patent Application Laid-Open No. H7-154667 (No. 
1995-154667) has proposed a method of adjusting a flange focal 
distance by finding an inflection point of a zoom tracking curve 
as described above and then determining the positions of the wide- 
angle end and the telephoto end, 

[0006] Japanese Patent Application Laid-Open No. H12-121911 (No. 
2000-121911) has proposed a method of adjusting a flange focal 
distance in a lens system of a type with no inflection point on a 
zoom tracking curve as described above. Specifically, when a lens 
for varying the magnification is located at the designed wide- 
angle end and the designed telephoto end, focus positions are 
found at the respective zoom positions through automatic focusing 
control to determine actual adjustment values in a zoom direction 
and a focus direction from a previously prepared table. 
[0007] Japanese Patent Application Laid-Open No. Hll-127376 (No. 

1999- 127376), has proposed a method of automating adjustment of a 
flange focal distance in a zoom lens apparatus of a front focus 
type in which a focus lens and a back focal distance adjusting 
lens can be electrically driven to perform automatic focusing 
control . 

[0008] In the flange focal distance adjusting methods proposed 
in Japanese Patent Application Laid-Open No. H7-154 667 and No. 

2000- 121911, however, an appropriate object must be disposed at a 
specific distance in adjusting the flange focal distance. This 
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places a restriction on the flange focal distance adjustment at 
the site of image-taking, and in addition, the accuracy of the 
flange focal distance adjustment may be reduced if the actual 
object distance deviates from the specific distance, 
[0009] In the flange focal distance adjusting method proposed in 
Japanese Patent Application Laid-Open No. Hll-127376, each of the 
focus lens and the back focal distance adjusting lens needs to be 
electrically driven. In addition, it is necessary to construct a 
system which allows automatic focus detection for each of the 
lenses, so that the resulting system has a complicated structure. 

SUMMARY OF THE INVENTION 

[0010] It is an object of the present invention to provide a 
zoom lens control apparatus which can automatically and accurately 
achieve flange focal distance adjustment with a simple structure 
by using an object at an arbitrary distance in a zoom lens of a 
rear focus type, a zoom lens system, and an image-taking system 
which have the zoom lens control apparatus . 

[0011] According to one aspect of the present invention, a 
control apparatus controls a zoom lens including, in order from an 
object side, a first lens unit which moves for varying the 
magnification, a light amount adjusting unit which adjusts a light 
amount, and a second lens unit which moves for focusing. The zoom 
lens is mountable on a camera. The control apparatus comprises a 
memory which stores in-focus position data of the second lens unit 
with respect to a position of the first lens unit, and a 
controller which controls a position of the second lens unit with 
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respect to a position of the first lens unit based on the in-focus 
position data. The controller sets a reference position of the 
second lens unit for position control of the second lens unit with 
the in-focus position data based on an in-focus position of the 
second lens unit for an object at anywhere from a minimum object 
distance to an infinite distance when the first lens unit is 
located at a wide-angle end. 

[0012] According to another aspect of the present invention, a 
control apparatus controls a zoom lens including, in order from an 
object side, a first lens unit which moves for varying the 
magnification, a light amount adjusting unit which adjusts a light 
amount, and a second lens unit which moves for focusing. The zoom 
lens is mountable on a camera- The control apparatus comprises a 
memory which stores in-focus position data of the second lens unit 
with respect to a position of the first lens unit, and a 
controller which controls a position of the second lens unit with 
respect to a position of the first lens unit based on the in-focus 
position data. The controller sets a reference position of the 
second lens unit for position control of the second lens unit with 
the in-focus position data based on a difference between in-focus 
positions of the second lens unit for an object at anywhere from a 
minimum object distance to an infinite distance when the first 
lens unit is located at a wide-angle end and for the object when 
the first lens unit is located at a predetermined focal length 
position other then the wide-angle end. 

[0013] According to another aspect of the present invention, a 
control apparatus controls a zoom lens including, in order from an 
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object side, a first lens unit which moves for varying the 
magnification, a light amount adjusting unit which adjusts a light 
amount, and a second lens unit which moves for focusing. The zoom 
lens is mountable on a camera. The control apparatus comprises a 
memory which stores in-focus position data of the second lens unit 
with respect to a position of the first lens unit, and a 
controller which controls a position of the second lens unit with 
respect to a position of the first lens unit based on the in-focus 
position data. The controller sets a reference position of the 
second lens unit for position control of the second lens unit with 
the in-focus position data based on a difference between in-focus 
positions of the second lens unit for an object at anywhere from a 
minimum object distance to an infinite distance when the first 
lens unit is located at least two predetermined focal length 
positions . 

[0014] The in-focus position data refers to data about positions 
to which the second lens unit should be moved to maintain an in- 
focus state in response to a positional change of the first lens 
unit and is typified by a zoom tracing curve, 

[0015] The reference position refers to a position of the second 
lens unit corresponding to a base point (a reference point) of the 
in-focus position data. 

[0016] These and other characteristics of the zoom lens control 
apparatus, the zoom lens system, and the image-talcing system 
according to the present invention will be apparent from the 
following description of specific embodiments with reference to 
the drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Fig. 1 is a schematic diagram showing the structure of an 
image-taking system which is Embodiment 1 of the present 
invention; 

[0018] Fig- 2 shows zoom tracking curves stored in a drive unit 
forming part of the image-taking system of Embodiment 1; 
[0019] Fig, 3 is a flow chart showing control operation of 
flange focal distance adjustment of a zoom lens performed by the 
drive unit of Embodiment 1; 

[0020] Fig. 4 shows the optical structure of a zoom lens of 
Numerical Example 1 of the present invention; 

[0021] Fig. 5 is a schematic diagram showing the structure of an 
image-taking system which is Embodiment 2 of the present 
invention; 

[0022] Fig. 6 shows exemplary zoom tracking curves used by a 
drive unit forming part of the image-taking system of Embodiment 

2; 

[0023] Fig. 7 is a flow chart showing control operation of 
flange focal distance adjustment of a zoom lens performed by the 
drive unit of Embodiment 2; 

[0024] Fig. 8 shows zoom tracking curves for respective object 
distances stored in the drive unit of Embodiment 2; and 
[0025] Fig. 9 shows the relationship between a zoom tracking 
curve and a reference position determined from a difference 
between in-focus positions in the drive unit of Embodiment 2. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0026] Preferred embodiments of the present invention are 

hereinafter described with reference to the drawings. 
[0027] (Embodiment 1) 

Fig. 1 shows the structure of an image-talcing system which 
is Embodiment 1 of the present invention. In Fig. 1, reference 
numeral 114 shows a camera such as a television camera or a video 
camera. Reference numeral 101 shows an interchangeable zoom lens 
which can be mounted on the camera 114. Reference numeral 117 
shows a drive unit (a control apparatus) mounted on the zoom lens 
101. Reference numeral 116 shows the image-taking system 
comprising the camera 114, zoom lens 101 and drive unit 117. The 
zoom lens 101 and the drive unit 117 constitute a zoom lens system. 
[0028] The zoom lens system is formed to receive power supply 
through a cable 121 which connects the camera 114 with the drive 
unit 117 (or a contact connector connected when the zoom lens 101 
is coupled to the camera 114). The zoom lens system may receive 
power supply from an outside power supply unit 150. 
[0029] In the zoom lens 101, reference numeral 102 shows a lens 
unit which is fixed or movable in an optical axis direction for 
manual focusing. Reference numeral 103 shows a variator lens unit 
(a first lens unit) which is movable in the optical axis direction 
to vary the magnification. Reference numeral 104 shows a 
diaphragm unit (a light amount adjusting unit) which changes the 
diameter of an aperture to adjust a light amount passing 
therethrough. Reference numeral 105 shows a focus lens unit (a 
second lens unit) which is movable in the optical axis direction 
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for automatic focusing. These lens units 102 to 105 and the 
diaphragm unit 104 constitute an image-taking optical system. 
This zoom lens is of a rear focus type- 

[0030] Reference numeral 108 shows a zoom driving mechanism such 
as a cam which drives the variator lens unit 103 in the optical 
axis direction. Reference numeral 118 shows a focus driving 
mechanism such as a screw which drives the focus lens unit 105 in 
the optical axis direction. 

[0031] The zoom driving mechanism 108, the focus driving 

mechanism 118, and the diaphragm unit 104 can be electrically 
driven by the drive unit 117 and manually driven, as later 
described. 

[0032] On the other hand, in the camera 114, reference numeral 
106 shows a glass block which corresponds to an optical filter or 
a color separation prism. Reference numeral 107 shows an image- 
pickup device such as a CCD or a CMOS sensor which 
photoelectrically converts an object image formed by the image- 
taking optical system. Reference numeral 115 shows a camera 
controller which is responsible for control of the camera 114 and 
contains a CPU (not shown) for performing various types of 
operational processing, an image processing circuit for performing 
various types of image processing on an image-pickup signal from 
the image-pickup device 107, and the like. 

[0033] In the drive unit 117, reference numeral 112 shows a lens 
controller which controls various types of operations of the drive 
unit 117 and contains a CPU (not shown) for performing various 
types of operational processing, a data memory 112a for storing 
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data tables including zoom tracking curves (in-focus position 
data), later described, and a driver (not shown) of a motor, later 
described. 

[0034] The zoom tracking curve data represents positions to 
which the focus lens unit 105 should be moved to maintain an in- 
focus state of the zoom lens in response to a positional change in 
a moving range (that is, the entire zoom range) of the variator 
lens unit 103. In Embodiment 1, the data is stored in the data 
memory 112a as data about driving positions of the focus driving 
mechanism 118 (that is, the positions of the focus lens unit 105) 
with respect to driving positions of the zoom driving mechanism 
108 (that is, the positions of the variator lens unit 103) . 
[0035] Now, description is made for the zoom tracking curve data 
and flange focal distance adjustment in Embodiment 1. 
[0036] Fig. 2 schematically shows the zoom tracking curve data. 
The horizontal axis in Fig. 2 represents the position of the 
variator lens unit 103 (the zoom position) , while the vertical 
axis represents the position of the focus lens unit 105 (the focus 
position) . Fig. 2 shows data at the minimum object distance and 
data at the infinite distance where the zoom lens 101 can achieve 
focusing . 

[0037] The relationship among the zoom position and the object 
distance and the focus position represented by the zoom tracking 
curve data is the same at any camera on which the zoom lens 101 is 
mounted. However, when the zoom tracking curve data is used to 
actually perform control for maintaining an in-focus state in 
response to varied magnification in the zoom lens mounted on a 
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particular camera, the zoom tracking curve data needs to be 
adapted to the flange focal distance of that camera. 
[0038] In addition, the positional relationship between the 
position of the focus lens unit 105 (a reference position) 
corresponding to the position (base point) serving as a reference 
in the zoom tracking curve data and the image-pickup surface of 
the image-pickup device 107, that is, the flange focal distance, 
depends on the type of the camera on which the zoom lens 101 is 
mounted, variations in individual products, factors of the 
environment in which the image-taking system is used such as 
temperature and humidity. For this reason, each time the zoom 
lens is mounted on a different camera, or each time images are 
taken in a different use environment, and immediately after the 
power is turned on, it is necessary to adjust the flange focal 
distance by determining the reference position of the focus lens 
unit 105 with respect to the base point in the zoom tracking curve 
data to make the zoom tracking curve data suitable for the flange 
focal distance of the camera. 

[0039] To this end, in Embodiment 1, the driving mechanism 
realized by the cam or the like is used in the zoom lens 101 in 
which the position of the variator lens unit 103 on the optical 
axis is established at the wide-angle end. The focus lens unit 
105 is driven at the wide-angle end to achieve automatic focusing. 
Thus, the reference position of the focus lens unit 105 achieving 
focusing at the wide-angle end is matched to the end point (the 
base point) at the wide-angle end in the zoom tracking curve data. 
[0040] As seen from Fig. 2, when the zoom position is at the 
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Wide-angle end, the focus position to achieve focusing for an 
object at the infinite distance is not greatly different from the 
focus position for an object at the minimum object distance. When 
the zoom position is at the telephoto end, however, the focus 
position to achieve focusing for an object at the infinite 
distance is significantly different from the focus position for an 
object at the minimum object distance. 

[0041] In other words, the absolute value of the difference 
between the in-focus position of the focus lens unit 105 for an 
object at the infinite distance and the in-focus position of the 
focus lens unit 105 for an object at the minimum object distance 
which can be brought into focus over the entire zoom range is 
generally proportional to the square of the focal length and is at 
the minimum at the wide-angle end. 

[0042] Thus, when the depth of focus of the image-taking system 
is at a certain value or larger, it can be thought that the in- 
focus position of the focus lens unit 105 at the wide-angle end 
for a stationary object at an arbitrary distance within the object 
distance range where focusing can be achieved over the entire zoom 
range, is substantially the same regardless of the object distance. 
That in-focus position can be set as the reference position of the 
focus lens unit 105 to simply and quickly perform flange focal 
distance adjustment. 

[0043] subsequently, the drive unit 117 is described. Reference 
numeral 109 shows a zoom motor which is activated in response to a 
drive signal from the lens controller 112 to drive the zoom 
driving mechanism 108 in the zoom lens 101. Reference numeral 111 
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Shows a focus motor which is activated in response to a drive 
signal from the lens controller 112 to drive the focus driving 
mechanism 118 in the zoom lens 101. 

[0044] The drive unit 117 has a zoom position detector 119 such 
as an encoder or a potentiometer, which is connected to the zoom 
driving mechanism 108 to detect the driving position of the zoom 
driving mechanism 108 (that is, to detect the zoom position) . The 
lens controller 112 controls the focus motor 111 based on a 
detection signal from the zoom position detector 119 and the zoom 
tracking curve data. In this manner, an in-focus state is 
automatically maintained over the entire zoom range. The drive 
unit 117 also has a focus position detector 120 such as an encoder 
and a photosensor which is connected to the focus driving 
mechanism 118 to detect the driving position of the focus driving 
mechanism 118 (that is, to detect the position of the focus lens 
unit 105) . 

[0045] Reference numeral 110 shows a diaphragm driving circuit 
which drives the diaphragm unit 104 in the zoom lens 101 in 
response to a driving signal from the lens controller 112. 
[0046] Reference numeral 113 shows a flange focal distance 
adjustment switch which is operated by a user to give an 
instruction to perform flange focal distance adjustment operation. 
An operation signal from the switch 113 is input to the lens 
controller 112. 

[0047] The flange focal distance adjustment is performed in the 

image-taking system 116 with the following procedure. 

[0048] (1) First, the image-taking system 116 is disposed such 



12 



CFV00111_AAFA 



that it faces a high-contrast object (a substance) such as a 
Siemens star chart and it is placed at an arbitrary distance from 
the object where focusing can be achieved over the entire zoom 
range of the zoom lens 101. 

[0049] (2) The diaphragm unit 104 is set to the full aperture. 
This causes a small depth of focus to allow accurate flange focal 
distance adjustment for enhancing the accuracy of automatic 
focusing. In addition, the variator lens unit 103 is disposed at 
the wide-angle end. 

[0050] (2)' At this point, the lens unit 102 is fixed at a 
predetermined position when the lens unit 102 is movable for 
manual focusing. This can reduce a burden on an operator because 
of the simpler operation as compared with the conventional flange 
focal distance adjustment realized by several repetitive focusing 
actions by the lens unit 102 at the telephoto end and by the focus 
lens unit 105 at the wide-angle end. 

[0051] (3) The focus lens unit 105 is driven by automatic 

focusing control to bring the object into focus. The position of 
the focus lens unit 105 at this point (the in-focus position) is 
determined as the reference position for subsequent positional 
control of the focus lens unit 105 with the zoom tracking curve 
data. The determined reference position is stored in the data 
memory 112a or another memory, not shown. In this manner, the 
reference position setting or the flange focal distance adjustment 
is completed. 

[0052] The steps (2) and (3) can be automatically performed by 
the lens controller 112 upon reception of an operation signal from 
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the flange focal distance adjustment switch 113. 

[0053] Alternatively, after a user performs the steps (1) and 
(2) (and the step (2)'), the lens controller 112 may automatically 
perform the step (3) upon reception of an operation signal from 
the flange focal distance adjustment switch 113. 

[0054] The lens controller 112 may automatically perform steps 
(2) and (3) when the power is turned on. 

[0055] Alternatively, whether a flange focal distance has been 
adjusted or not may be automatically checked when the power is 
turned on, and the flange focal distance may be automatically 
adjusted only if a displacement is detected. 

[0056] In the step (3), the lens controller 112 may receive an 
image-pickup signal from the image-pickup device 107 through the 
camera controller 115 to determine whether or not focusing is 
achieved by using the received image-pickup signal through a so- 
called contrast detection method (a television AF method) or a 
phase difference detection method. The determination result is 
relied on to detect the in-focus position of the focus lens unit 
105. Alternatively, the lens controller 112 may receive the 
result of focusing determination performed by the camera 
controller 115 to detect the in-focus position of the focus lens 
unit 105. 

[0057] Fig. 3 is a flow chart showing the operation of the lens 
controller 112 when the lens controller 112 automatically performs 
the steps (2) and (3) . 

[0058] First, at step (abbreviated as "S" in Fig. 3) 21, the 
lens controller 112 determines whether or not an on-signal is 
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input thereto from the flange focal distance adjustment switch 113 
or whether or not power supply thereto is started from the camera 
114 or from the outside power supply unit 150. If such an on- 
signal is input or power supply is started, the flow proceeds to 
step 22 and the lens controller 112 drives the diaphragm unit 104 
to the full aperture (2) • 

[0059] In the case where power supply is started, after step 22, 
the presence or absence of a displacement of the reference 
position (the flange focal distance) may be automatically detected 
as shown by a dotted line in Fig. 3 (step 22a). Specifically, the 
variator lens unit 103 is moved to the wide-angle end, and the 
focus lens unit 105 is moved to a reference position determined in 
the preceding adjustment and stored in the data memory 112a or the 
other memory. If a video signal of an arbitrary object has a 
signal strength smaller than a predetermined threshold, focusing 
operation is performed. When the focusing operation results in a 
higher signal strength, it is determined that the reference 
position is displaced from the position stored previously (step 
22b), and the flow proceeds to step 23. When the focusing 
operation does not result in a higher signal strength, the lens 
controller 112 outputs a signal for a display indicating that no 
flange focal distance adjustment is required (step 22c) . 
[0060] Next, at step 23, the lens controller 112 drives the zoom 
motor 109 to move the variator lens unit 103 to the wide-angle end 
(2) . 

[0061] Next, at step 24, the lens controller 112 performs 
detection of a focusing state (focus detection) of the image- 
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taking optical system based on an image-pickup signal received 
from the camera controller 115 through the contrast detection 
method or the like (3) . In the case of the contrast detection 
method, the lens controller 112 extracts high-frequency components 
of the image-pickup signal and repeatedly moves the focus lens 
unit 105 by driving the focus motor 111 and detects focus until 
the level of the extracted high-frequency components reaches the 
maximum (until it is determined that focusing is achieved at step 
25) • 

[0062] In the case of the phase difference detection method, the 
lens controller 112 compares two image-pickup signals produced by 
taking images of the same portion of the object to derive a 
defocus amount from the phase difference between the two images 
presented by the image-pickup signals. If the defocus amount is 
out of an in-focus range (step 26), the lens controller 112 
calculates the position of the focus lens unit 105 where focusing 
is achieved (the driving amount of the focus motor 111) to drive 
the focus lens unit 105. 

[0063] If it is determined that focusing is achieved after step 
25, the flow proceeds to step 27. The lens controller 112 detects 
the position of the focus lens unit 105 at this point (the driving 
position of the focus driving mechanism 118) by the focus position 
detector 120 described above (3) . 

[0064] At step 28, the lens controller 112 determines the 

position of the focus lens unit 105 detected at step 27 (the 
driving position of the focus driving mechanism 118) as the 
reference position and stores the position in the data memory 112a 
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or the other memory (3) . 

[0065] In this event, the lens controller 112 may compare the 
reference position stored as the result of the preceding flange 
focal distance adjustment with the reference position newly 
obtained at step 28, and if a displacement is found between them, 
the lens controller 112 may automatically rewrite the reference 
position newly obtained at step 28 into the data memory 112a or 
the other memory, or a circuit may be provided to give an 
instruction to execute such a rewrite with a display or the like. 
[0066] While Embodiment 1 has been described for the case where 
the drive unit 117 is mounted on the zoom lens 101 to constitute 
the zoom lens system, the present invention is applicable to a 
zoom lens system which has a component corresponding to the drive 
unit 117 contained in a zoom lens body. 

[0067] In the following, an example of the zoom lens to which 
the flange focal distance adjustment control described in 
Embodiment 1 is applicable is illustrated. In Fig. 4, in order 
from an object side, I shows a lens unit for manual focusing, II 
shows a variator lens unit (a first lens unit) movable for varying 
the magnification. III shows a correction lens unit for correcting 
a moved image-forming position when magnification is varied, IV 
shows a fixed lens unit, V shows a focus lens unit (a second lens 
unit) for automatic focusing, GB shows a glass block such as a 
color separation prism, SP shows a stop (diaphragm), and IP shows 
an image-forming position (the position of the image plane) . The 
lens unit I and the fixed lens unit IV are stationary when 
magnification is varied. Flange focal distance adjustment is 
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realized by achieving focusing with the focus lens unit V. 
[0068] Table 1 shows Numerical Example 1 of the zoom lens shown 
in Fig, 4. In Table 1, i represents an i-th optical surface in 
order from the object side, d an air spacing between an i-th 
optical surface and an (i+l)-th optical surface, ni the refractive 
index of an i-th optical surface (glass material), vi the Abbe 
number of an i-th optical surface (glass material) , and f the 
focal length of the entire system, fno an F number, and co half of 
the field angle. 
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[0069] 



[Numerical Example 1] 
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[0070] In Numerical Example 1, the minimum object distance at 
which focusing can be achieved over the entire zoom range is 432 
mm from the front surface of the zoom lens. 

[0071] As seen from Fig- 2, the moving range for focusing is the 
smallest at the wide-angle end and the largest at the telephoto 
end. Thus, it can be said that an object distance at which 
focusing can be achieved at the telephoto end is an object 
distance (a substance distance) at which focusing can be achieved 
over the entire zoom range. When the closest object distance at 
which focusing can be achieved over the entire zoom range is 
defined as the minimum object distance. Embodiment 1 is extremely 
effective for an object at a distance falling within the range 
between the zoom tracking curves of the infinite distance and the 
minimum object distance. It is desirable to determine whether or 
not an object placed at an arbitrary distance can be brought into 
focus at the telephoto end to decide the accuracy of flange focal 
distance adjustment. If focusing cannot be achieved, warning 
operation may be performed such as output or display of a signal 
indicating that flange focal distance adjustment cannot be 
performed. 

[0072] When the permissible circle of confusion of a camera (the 
image-taking apparatus) is represented by s, and the full F number 
at the wide-angle end is represented by F, the depth of focus 8 is 
generally represented by: 
5 = 8F 

[0073] When the absolute value of sensitivity of the focus lens 
unit V to a back focal distance is defined as s, a moving amount m 
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of the focus lens unit V required to displace the back focal 
distance by the depth of focus 8 is represented by: 
m = sF/ I s I 

[0074] When a difference between the in-focus position of the 
focus lens unit V for an object at the infinite distance and the 
in-focus position for an object at the minimum object distance is 
represented by Mw, a displacement of the reference position is 
recognized as an image blur at some object distances to require 
more accurate adjustment of the flange focal distance if the value 
m is smaller than the value |Mw|. 

[0075] From the above, a restrictive condition set in Embodiment 
1 to define the need for correction of the reference position can 
be expressed by: 

2sF/|s|<|Mw| (1) 

[0076] When the expression (1) is satisfied, the in-focus 

position of the focus lens unit V at the wide-angle end can be 
corrected and defined as the reference position to perform more 
accurate flange focal distance adjustment. Next, Table 2 shows 
the relationship between the values of the respective parameters 
in Numerical Example 1 and the expression (1) . 

[0077] 



[Table 2] 



e 


F 


s 


1=^ 

s 


s 


Mw 


0.016 


1.52 


1 


0.024 


0.049 


-0.122 



(unit mm) 
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[0078] It can be seen from Table 2 that, if the automatic in- 
focus position at the wide-angle end is simply stored as the 
reference position in Numerical Example 1, a displacement from the 
true reference position may be recognized in an image at some 
object distances from the aforementioned reason. 

[0079] Next, description is made for a method of correcting the 
reference position of the focus lens unit V, Table 3 shows a list 
of a division position mwi determined by dividing Mw by m into i, 
an object distance obji at which focusing is achieved when the 
focus lens unit V is located at the division position mwi, and an 
in-focus position mTi of the focus lens unit V at the telephoto end 
for the object distance obji. The * object distance obji is 
determined relative to the front surface of the zoom lens, and mwi 
and mTi are determined relative to the true reference position of 
the focus lens unit V. 

[0080] For positive and negative signs, the positive sign 

indicates a position closer to the image plane. Table 3 also 
shows the difference between the in-focus position mwi at the wide- 
angle end and the in-focus position mxi at the telephoto end for 
the object distance obji, represented by: 
Imxi-mwil = mw.Ti* 



22 



CFV00111_AAFA 



[0081] 
[Table 3] 



DIVISION POSITION 
mwi 


rowi 
m 

-0.024 


I%2 

2m 
-0.049 


mw3 
-0.073 


mw4 
4ni 
-0.097 


Dm 
-0.122 


OBJECT DISTANCE 
obii 


Obji 
-2366 


Obja 
-1138 


Obj3 
-750 


Obj4 
-554 


Objs 
-432 


IN-FOCUS POSITION 
AT TELEPHOTO END 

ITIt 


IHtI 

-4.274 


mT2 
-7.488 


mT3 
-9.888 


inT4 
-11.85 

2 


mT5 
-13.56 
9 


DI FFERENCE BETWEEN 
IN-FOCUS POSITIONS 


4.250 


mw.T2 

7.439 


I%.T3 

9.815 


mw.T4 

11.755 


mw.TS 
13.447 



(unit mm) 

[0082] In Table 3, a displacement of the focus lens unit V is 
not recognized as an image blur in each area defined as the 
division position mwi. Thus, the flange focal distance adjustment 
can be achieved more accurately by correcting the reference 
position with respect to the automatic in- focus position (in-focus 
position obtained by automatic focusing control) at the wide-angle 
end by a predetermined amount for each area. Table 4 shows each 
range of the difference mw.Ti between the in-focus positions and 
the corresponding correction amount of the automatic in-focus 
position at the wide-angle end. This data about the correction 
amount may be stored in the data memory 112a or the other memory 
for use in subsequent correction of the reference position. 



[0083] 
[Table 4] 



RANGE OF 
mw.Ti 


0 

^ mw.Ti 
< 

4.250 


4.250 

^ mw.T2 

< 

7.439 


7.439 

^ mw.T3 

< 

9.815 


9.815 

^ mw.T4 

< 

11.755 


11.755 

^ mw.TS ^ 
13.447 


CORRECTION 
AMOUNT 


0 


m 


2m 


3m 


4m 



(unit mm) 
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[0084] In this manner, the in-focus position at the wide-angle 
end is subjected to correction, and the corrected position is 
stored as the reference position of the focus lens unit V, thereby 
allowing more accurate flange focal distance adjustment. 
[0085] While the correction amount of the in-focus position at 
the wide-angle end is determined (that is, the reference position 
is set) on the basis of the difference between the in-focus 
position at the wide-angle end and the in-focus position at the 
telephoto end in this case, the reference position may be 
determined on the basis of a difference between the in-focus 
position at the wide-angle end and • an in-focus position at a 
predetermined zoom position. If such a predetermined zoom 
position other than the telephoto end is used, however, it is 
necessary to accurately know the position of the lens unit moving 
in varying the magnification on the optical axis at that zoom 
position, so that the positional relationship between that zoom 
position and either of the ends of the zoom (the wide-angle end or 
the telephoto end) needs to be stored previously. 
[0086] (Embodiment 2) 

Fig. 5 shows the structure of an image-taking system which 
is Embodiment 2 of the present invention. In Fig. 5, reference 
numeral 214 shows a camera such as a television camera or a video 
camera. Reference numeral 201 shows an interchangeable zoom lens 
which can be mounted on the camera 214. Reference numeral 217 
shows a drive unit (a control apparatus) mounted on the zoom lens 
201. Reference numeral 216 shows the image-taking system. The 
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zoom lens 201 and the drive unit 217 constitute a zoom lens system. 
[0087] The zoom lens system is formed to receive power supply 
through a cable 221 which connects the camera 214 with the drive 
unit 217 (or a contact connector connected when the zoom lens 201 
is coupled to the camera 214) . The zoom lens system may receive 
power supply from an outside power supply unit 250. 
[0088] In the zoom lens 201, reference numeral 202 shows a lens 
unit which is fixed or movable in an optical axis direction for 
manual focusing. Reference numeral 203 shows a variator lens unit 
(a first lens unit) which is movable in the optical axis direction 
to vary the magnification. Reference numeral 204 shows a 
diaphragm unit (stop: a light amount adjusting unit) which changes 
the diameter of an aperture to adjust a light amount passing 
therethrough. Reference numeral 205 shows a focus lens unit (a 
second lens unit) which is movable in the optical axis direction 
for automatic focusing. These lens units 202 to 205 and the 
diaphragm unit 204 constitute an image-taking optical system. 
This zoom lens is of a rear focus type. 

[0089] Reference numeral 208 shows a zoom driving mechanism such 
as a cam which drives the variator lens unit 203 in the optical 
axis direction. Reference numeral 218 shows a focus driving 
mechanism such as a screw which drives the focus lens unit 205 in 
the optical axis direction. 

[0090] The zoom driving mechanism 208, the focus driving 

mechanism 218, and the diaphragm unit 204 can be electrically 
driven by the drive unit 217 and manually driven, as later 
described. 
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[0091] On the other hand, in the camera 214, reference numeral 
206 shows a glass block which corresponds to an optical filter or 
a color separation prism. Reference numeral 207 shows an image- 
pickup device such as a CCD or a CMOS sensor which 
photoelectrically converts an object image formed by the image- 
taking optical system. Reference numeral 215 shows a camera 
controller which is responsible for control of the camera 214 and 
contains a CPU (not shown) for performing various types of 
operational processing, an image processing circuit for performing 
various types of image processing on an image-pickup signal from 
the image-pickup device 207, and the like. 

[0092] In the drive unit 217, reference numeral 212 shows a lens 
controller which controls various types of operations of the drive 
unit 217 and contains a CPU (not shown) for performing various 
types of operational processing, a data memory 212a for storing 
data tables including zoom tracking curves (in-focus position 
data) , later described, and a driver (not shown) of a motor, later 
described. 

[0093] The zoom tracking curve data represents positions to 
which the focus lens unit 205 should be moved to maintain an in- 
focus state of the zoom lens in response to a positional change in 
a moving range (that is, the entire zoom range) of the variator 
lens unit 203. In Embodiment 2, the data is stored in the data 
memory 112a as data about driving positions of the focus driving 
mechanism 218 (that is, the positions of the focus lens unit 205) 
with respect to driving positions of the zoom driving mechanism 
208 (that is, the positions of the variator lens unit 203) . 



26 



CFV00111_AAFA 

[0094] Now, description is made for the zoom tracking curve data 
and flange focal distance adjustment in Embodiment 2. 
[0095] Fig, 6 schematically shows the zoom tracking curve data. 
The horizontal axis in Fig. 6 represents the position of the 
variator lens unit 203 (the zoom position) , while the vertical 
axis represents the position of the focus lens unit 205 (the focus 
position) . Fig. 6 shows data at the minimum object distance and 
data at the infinite distance where the zoom lens can achieve 
focusing. 

[0096] The relationship among the zoom position and the object 
distance and the focus position represented by the zoom tracking 
curve data is the same at any camera on which the zoom lens 201 is 
mounted. However, when the zoom tracking curve data is used to 
actually perform control for maintaining an in~focus state in 
response to varied magnification in the zoom lens mounted on a 
particular camera, the zoom tracking curve data needs to be 
adapted to the flange focal distance of that camera. 
[0097] In addition, the positional relationship between the 

position of the focus lens unit 205 corresponding to the position 
serving as a reference in the zoom tracking curve data (the base 
point) and the image-pickup surface (of a CCD or the like), that 
is, the flange focal distance, depends on the type of the camera 
on which the zoom lens is mounted, variations in individual 
products, factors of the environment in which the image-taking 
system is used such as temperature and humidity. For this reason, 
each time the zoom lens is mounted on a different camera, or each 
time images are taken in a different use environment, and 
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iiranediately after the power is turned on, it is necessary to 
adjust the flange focal distance by determining a reference 
position of the focus lens unit 205 with respect to the base point 
in the zoom tracking curve data to make the zoom tracking curve 
data suitable for the flange focal distance of the camera. 
[0098] To this end, in Embodiment 2, the driving mechanism 
realized by the cam or the like is used in the zoom lens in which 
the position of the variator lens unit 203 on the optical axis is 
established at the telephoto end. The focus lens unit 205 is 
driven at the telephoto end and a predetermined zoom position to 
achieve automatic focusing. Thus, the base point in the zoom 
tracking curve data is matched to the reference position of the 
focus lens unit 205. 

[0099] Subsequently, the drive unit 217 is described. Reference 
numeral 209 shows a zoom motor which is activated in response to a 
drive signal from the lens controller 212 to drive the zoom 
driving mechanism 208 in the zoom lens 201. Reference numeral 211 
shows a focus motor which is activated in response to a drive 
signal from the lens controller 212 to drive the focus driving 
mechanism 218 in the zoom lens 201. 

[0100] The drive unit 217 has a zoom position detector 219 such 
as an encoder or a potentiometer which is connected to the zoom 
driving mechanism 208 to detect the driving position of the zoom 
driving mechanism 208 (that is, the zoom position) . The lens 
controller 212 controls the focus motor 211 based on a detection 
signal from the zoom position detector 219 and the zoom tracking 
curve data. In this manner, an in-focus state is automatically 
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maintained over the entire zoom range. The drive unit 217 also 
has a focus position detector 220 such as an encoder or a 
photosensor which is connected to the focus driving mechanism 218 
to detect the driving position of the focus driving mechanism 218 
(that is, the position of the focus lens unit 205) , 
[0101] Reference numeral 210 shows a diaphragm driving circuit 
which drives the diaphragm unit 204 in the zoom lens 201 in 
response to a driving signal from the lens controller 212. 
[0102] Reference numeral 213 shows a flange focal distance 
adjustment switch which is operated by a user to give an 
instruction to perform flange focal distance adjustment operation. 
An operation signal from the switch 213 is input to the lens 
controller 212. 

[0103] The flange focal distance adjustment is performed in the 
image-taking system 216 with the following procedure. 
[0104] (1) First, the image-taking system 216 is disposed such 
that it faces a high-contrast object (a substance) such as a 
Siemens star chart and it is placed at an arbitrary distance from 
the object where focusing can be achieved over the entire zoom 
range of the zoom lens 201. 

[0105] (2) The diaphragm unit 204 is set to the full aperture. 
This causes a small depth of focus to allow accurate flange focal 
distance adjustment for enhancing the accuracy of automatic 
focusing. In addition, the variator lens unit 203 is disposed at 
the telephoto end. 

[0106] (2)' At this point, the lens unit 202 is fixed at a 
predetermined position when the lens unit 202 is movable for 
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manual focusing. This can reduce a burden on an operator because 
of the simpler operation as coitpared with the conventional flange 
focal distance adjustment realized by several repetitive focusing 
actions with the lens unit 202 at the telephoto end and with the 
focus lens unit 205 at the wide-angle end, 

[0107] (3) The focus lens unit 205 is driven by automatic 

focusing control to bring the object into focus. The position of 
the focus lens unit 205 at this point (the in-focus position) is 
stored in the data memory 212a or another memory, not shown. 
[0108] (4) Next, the variator lens unit 203 is placed at a 
predetermined zoom position (focal length position) which is 
previously determined arbitrarily for flange focal distance 
adjustment other than the telephoto end and the wide-angle end, 
[0109] In a case where the variator lens unit 203 is driven by a 
DC motor, the variator lens unit 203 is driven until the zoom 
position detector 219 (the potentiometer) detects the position of 
the variator lens unit 203 corresponding to the predetermined zoom 
position. In a case where the variator lens unit 203 is drive by 
a stepping motor, the variator lens unit 203 is driven from the 
telephoto end until the number of driving pulses provided for the 
stepping motor or an output from the zoom position detector 219 
(the encoder) reaches the number of pulses corresponding to the 
predetermined zoom position. 

[0110] When the variator lens unit 203 reaches the predetermined 
zoom position, the focus lens unit 205 is driven through automatic 
focusing control to bring the object into focus. The position of 
the focus lens unit 205 (the in-focus position) at this point is 
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Stored in the data memory 212a or the other memory. 
[0111] (5) The difference between the in-focus position stored 
at the step (3) and the in-focus position stored at the step (4) 
is calculated. The difference is relied on to determine a 
reference position for subsequently controlling the position of 
the focus lens unit 205 with the zoom tracking curve data. The 
reference position is stored in the data memory 212a or the other 
memory. In this manner, the reference position setting or the 
flange focal distance adjustment is completed. The method of 
determining the reference position of the focus lens unit 205 
based on the difference between the in-focus positions is 
described later. 

[0112] The steps (2) to (5) can be automatically performed by 
the lens controller 212 upon reception of an operation signal of 
the flange focal distance adjustment switch 213. 

[0113] Alternatively, after a user performs the steps (1) and 
(2) (and the step (2)'), the lens controller 212 may automatically 
perform the steps (3) to (5) upon reception of an operation signal 
of the flange focal distance adjustment switch 213. 
[0114] The lens controller 212 may automatically perform steps 
(2) to (5) when the power is turned on. 

[0115] Alternatively, whether a flange focal distance has been 
adjusted or not may be automatically checked when the power is 
turned on, and the flange focal distance may be automatically 
adjusted only if a displacement is detected. 

[0116] In the steps (3) and (4), the lens controller 212 may 
receive an image-pickup signal from the image-pickup device 207 
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through the camera controller 215 to determine whether or not 
focusing is achieved by using the received image-pickup device 
through a so-called contrast detection method (a television AF 
method) or a phase difference detection method. The determination 
result is relied on to detect the in-focus position of the focus 
lens unit 205. Alternatively, the lens controller 212 may receive 
the result of focusing determination performed by the camera 
controller 215 to detect the in-focus position of the focus lens 
unit 205. 

[0117] Fig. 7 is a flow chart showing the operation of the lens 
controller 212 when the lens controller 212 automatically performs 
the steps (2) and (5) . 

[0118] First, at step (abbreviated as "'S" in Fig. 7) 31, the 
lens controller 212 determines whether or not an on-signal is 
input thereto from the flange focal distance adjustment switch 213 
or whether or not power supply thereto is started from the camera 
214 or from the outside power supply unit 250. If such an on- 
signal is input or power supply is started, the flow proceeds to 
step 32 and the lens controller 212 drives the diaphragm unit 204 
to the full aperture (2) . 

[0119] If power supply is started, after step 32, the presence 
or absence of a displacement of the reference position (the flange 
focal distance) may be automatically detected as shown by a dotted 
line in Fig. 7 (step 32a) . Specifically, the variator lens unit 
203 is moved to the wide-angle end, and the focus lens unit 205 is 
moved to a reference position determined in the preceding 
adjustment and stored in the data memory 212a or the other memory. 
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If a video signal of an arbitrary object has a signal strength 
smaller than a predetermined threshold, focusing operation is 
performed. When the focusing operation results in a higher signal 
strength, it is determined that the reference position is 
displaced from the position stored previously (step 32b) , the flow 
proceeds to step 33. When the focusing operation does not result 
in a higher signal strength, the lens controller 212 outputs a 
signal for a display indicating that no flange focal distance 
adjustment is required (step 32c) . 

[0120] Next, at step 33, the lens controller 212 drives the zoom 
motor 209 to move the variator lens unit 203 to the telephoto end 
(2) . 

[0121] Next, at step 34, the lens controller 212 performs 

detection of a focusing state (focus detection) of the image- 
taking optical system based on an image-pickup signal received 
from the camera controller 215 through the contrast detection 
method or the like (3) . In the case of the contrast detection 
method, the lens controller 212 extracts high-frequency components 
of the image-pickup signal and repeatedly moves the focus lens 
unit 205 by driving the focus motor 211 and detects focus until 
the level of the extracted high-frequency components reaches the 
maximum (until it is determined that focusing is achieved at step 
35) . 

[0122] In the case of the phase difference detection method, the 
lens controller 212 compares two image-pickup signals produced by 
taking images of the same portion of the object to derive a 
defocus amount from the phase difference between the two images 
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presented by the image-pickup signals. If the defocus amount is 
out of an in-focus range (it is determined that focusing is not 
achieved at step 35)^ the flow proceeds to step 36. The lens 
controller 212 calculates the position of the focus lens unit 205 
where focusing is achieved (the driving amount of the focus motor 
211) to drive the focus lens unit 205. 

[0123] If it is determined that focusing is achieved at step 35, 
the flow proceeds to step 37. The lens controller 212 detects the 
position of the focus lens unit 205 at this point (the driving 
position of the focus driving mechanism 218) by the focus position 
detector 220 described above and stores the detected position in 
the data memory 212a or the other memory. 

[0124] Next, at step 38, the lens controller 212 drives the zoom 
motor 209 to move the variator lens unit 203 to the aforementioned 
predetermined zoom position (4) . 

[0125] Next, at step 39, the lens controller 212 performs 

detection of a focusing state (focus detection) of the image- 
talcing optical system based on an image-pickup signal received 
from the camera controller 215 through the contrast detection 
method or the phase difference detection method (4) . If it is 
determined that focusing is not achieved at step 40, the lens 
controller 212 drives the focus lens unit 205 (step 41) to again 
perform focus detection (step 39) . 

[0126] If it is determined that focusing is achieved at step 40, 
the flow proceeds to step 42. The lens controller 212 detects the 
position of the focus lens unit 205 at this point (the driving 
position of the focus driving mechanism 218) by the focus position 



34 



CFVOOl 1 1_AAFA 

detector 220 described above and stores the detected position in 
the data memory 212a or the other memory, 

[0127] Next, at step 43, the lens controller 212 calculates the 
difference between the in-focus position of the focus lens unit 
205 at the telephoto end stored at step 37 and the in-focus 
position of the focus lens unit 205 at the predetermined zoom 
position other than the telephoto end stored at step 42 (5) . 
[0128] At step 44, the lens controller 212 determines the 

reference position of the focus lens unit 205 based on the 
difference between the in-focus positions, and stores the 
determined reference position in the data memory 212a or the other 
memory . 

[0129] In this event, the lens controller 212 may compare the 
reference position stored as the result of the preceding flange 
focal distance adjustment with the reference position newly 
obtained at step 44, and if a displacement is found between them, 
the lens controller 212 may automatically rewrite the reference 
position newly obtained at step 44 into the data memory 212a or 
the other memory, or a circuit may be provided to give an 
instruction to execute such a rewrite with a display or the like, 
[0130] In the following, a specific example of the zoom lens to 
which the flange focal distance adjustment control described in 
Embodiment 2 is applicable is illustrated. The zoom lens in Fig. 
5 can have a cross section as shown in Fig. 4 and a numerical 
example as shown in Table 1 . 

[0131] As described above. Fig. 6 shows the zoom tracking curves 
for use in controlling the focus lens unit 205 to achieve focusing 
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over the entire zoom range when an object distance is at the 
infinite distance and at the minimum object distance. In 
Numerical Example 1, the minimum object distance at which focusing 
can be achieved over the entire zoom range is 432 mm from the 
front surface of the zoom lens. 

[0132] As seen from Fig. 6, the moving range of the focus lens 
unit 205 (V) for achieving focusing at each object distance from 
the infinite distance to the minimum object distance is the 
smallest at the wide-angle end and the largest at the telephoto 
end. Thus, it can be said that an object distance at which 
focusing can be achieved at the telephoto end is an object 
distance at which focusing can be achieved over the entire zoom 
range . 

[0133] When the closest object distance at which focusing can be 
achieved over the entire zoom range is defined as the minimum 
object distance, Embodiment 2 is extremely effective for an object 
at a distance falling within the range between the infinite 
distance and the minimum object distance. At an object distance 
out of the distance range, however, focusing cannot be achieved 
and the accuracy of flange focal distance adjustment is reduced. 
[0134] It is thus desirable to determine whether or not an 
object placed at an arbitrary distance can be brought into focus 
at the telephoto end to decide the accuracy of flange focal 
distance adjustment. In addition, if focusing cannot be achieved, 
warning operation may be performed such as output or display of a 
signal indicating that flange focal distance adjustment cannot be 
performed. 
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[0135] As described in Embodiment 1, when the permissible circle 
of confusion of a camera (that is^ of an image-pickup device) is 
represented by 8, and the full F number at the wide-angle end is 
represented by F, the depth of focus 8 is generally represented 
by: 

6 = 8F 

[0136] When the absolute value of sensitivity of the focus lens 
unit 205 (V) to a back focal distance is defined as s, a moving 
amount 1 of the focus lens unit 205 (V) required to displace the 
back focal distance by the depth of focus 5 is represented by: 
1 = 8F/|S| 

[0137] When a difference between the in-focus position of the 
focus lens unit 205 (V) for an object at the infinite distance and 
the in-focus position for an object at the minimum object distance 
is represented by Mw^ a displacement of the reference position is 
recognized as an image blur at some object distances to require 
more accurate flange focal distance adjustment if the value 1 is 
smaller than the value |Mwl . 

[0138] From the above, when the following condition is 

satisfied: 

28F/|s|<|Mw| (2) 
then the setting of the reference position in Embodiment 2 is 
especially effective. 

[0139] The relationship between the values of the respective 
parameters in Numerical Example 1 and the expression (2) is the 
same as that shown in Table 2. 

[0140] It can be seen from Table 2 that Numerical Example 1 
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satisfies the expression (2) . In Numerical Example 1, more 
accurate flange focal distance adjustment can be realized 
according to Embodiment 2. 

[0141] Next, the method of adjusting the flange focal distance 
is described specifically. In the image-taking system having the 
zoom lens in Embodiment 2, the in-focus position of the focus lens 
unit 205 (V) at the telephoto end for an arbitrary object is 
defined as an origin, by way of example. Table 5 shows the in- 
focus position at the predetermined zoom position f=90 mm, that is, 
the difference between the in-focus position at the telephoto end 
and the in-focus position at the predetermined zoom position, and 
the in-focus position at the infinite distance, that is, the 
distance to the reference position. For positive and negative 
signs, the positive sign indicates a position closer to the image 
plane. 
[0142] 



[Table 5] 



IN-FOCUS POSITION AT 
F=90 


REFERENCE POSITION 


3.138 


9.888 



(unit mm) 

[0143] In Embodiment 2, the focus lens unit 205 (V) is driven by 
an actuator such as a DC motor or a stepping motor, and its 
minimum moving amount d is represented by: 

1/8 < d < 1 (3) 
where d represents the minimum moving amount of the focus lens 
unit 205 (V) , and 1 preferably represents the moving amount of the 
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focus lens unit 205 (V) required to change the back focal distance 
by an amount corresponding to the depth of focus - 

[0144] If the expression (3) has the condition represented by d 
< 1/8, the moving speed of the focus lens unit 205 (V) is 
inappropriately reduced over the entire driving range. On the 
other hand, if the expression (3) has the condition represented by 
1 < d, an image blur is recognized. In Embodiment 2, d is set to 
be equal to 1 and to 0.024 (d=l=0,024), and this is referred to as 
one step of the moving amount of the focus lens unit 205 (V) . 

[0145] The values in Table 5 are represented in steps in Table 6. 
That is. Table 6 shows the in-focus position of the focus lens 
unit 205 (V) at the predetermined zoom position f=90 mm when the 
in-focus position at the telephoto end for an arbitrary object is 
defined as the origin (the difference between the in-focus 
positions at the telephoto end and the predetermined zoom 
position) , and the distance from the in-focus position at the 
telephoto end to the reference position, both in steps. 



[0146] 
[Table 6] 



IN-FOCUS POSITION AT 
F=90 


REFERENCE POSITION 


131 steps 


412 step 



[0147] Such a data table as shown in Table 6 including the 
number of steps representing the difference between the in-focus 
positions at the telephoto end and the predetermined zoom position 
in association with the number of steps representing the distance 
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from the in-focus position at the telephoto end or at the 
predetermined zoom position to the reference position, is provided 
for each of a required number of object distances from the 
infinite distance to the minimum object distance. The data tables 
are previously stored in the data memory 212a or the other memory. 
[0148] The lens controller 212 reads the data table including 
the number of steps representing the difference between the in- 
focus position at the telephoto end and the in-focus position at 
the predetermined zoom position calculated at step 43. Further, 
the lens controller 212 reads a reference position written in the 
table (the number of steps from the in-focus position at the 
telephoto end) , and sets the read value as reference position data, 
and stores the value as the data memory 212a or the other memory. 
[0149] Another method of adjusting the flange focal distance is 
to previously store data tables each including the number of steps 
representing the aforementioned difference between the in-focus 
positions in association with a zoom tracking curve (in the 
example of Table 6, a zoom tracking curve showing 131 steps as a 
difference between the in-focus positions at the telephoto end and 
the zoom position f=90 mm) in the data memory 212a or the other 
memory. The number of the stored data tables corresponds to the 
number of zoom tracking curves. 

[0150] The lens controller 212 reads the data table including 
the number of steps representing the difference between the in- 
focus position at the telephoto end and the in-focus position at 
the predetermined zoom position calculated at step 43. Further, 
the lens controller 212 reads a zoom tracking curve written in the 
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table, and obtains the number of steps representing the distance 
from the in-focus position at the telephoto end to the reference 
position in the zoom tracking curve. The lens controller 212 sets 
the value as reference position data and stores the value as the 
data memory 212a or the other memory. 

[0151] Fig. 8 shows previously provided x zoom tracking curves 
between the infinite distance and the minimum object distance. 
Fig. 9 shows the relationship between the reference position and 
one of the x zoom tracking curves selected on the basis of the 
number of steps representing the aforementioned difference between 
the in-focus positions. 

[0152] The reference position determined as described above is 
stored in the data memory 212a or the other memory, to adjust the 
flange focal distance. 

[0153] As seen from the zoom tracking curves of the infinite 
distance shown in Figs. 8 and 9, the focus lens unit is not moved 
ideally on the optical axis from the wide-angle end to the 
telephoto end at the infinite distance. However, when the zoom 
tracking curve of the infinite distance is not a straight line due 
to a manufacturing error of the zoom lens or the like (when the 
focus lens unit is moved on the optical axis from the wide-angle 
end to the telephoto end at the infinite distance) , the data in 
the previously stored data tables including the number of steps 
representing the difference between the in-focus positions and the 
number of steps representing the distance from the in-focus 
position at the telephoto end to the reference position or the 
data in zoom tracking curves may be corrected, and the corrected 
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data may be newly stored in the data memory 212a or the other 
memory. 

[0154] (Embodiment 3) 

Embodiment 2 has been described for the case where the 
reference position is determined by using the difference between 
the in-focus positions at the telephoto end and the predetermined 
zoom position other than the telephoto end. Alternatively, the 
reference position may be determined by using a difference between 
in-focus positions at two predetermined zoom positions other than 
the telephoto end. 

[0155] For setting the two predetermined zoom positions, it is 
preferable to select a zoom position on the telephoto side where 
the focus lens unit V is moved over a large distance per unit 
focal length. 

[0156] By way of example, the in-focus position of the focus 
lens unit 205 (V) at a first predetermined zoom position f=90 mm 
for an arbitrary object is defined as an origin. Table 7 shows 
the in-focus position at a second predetermined zoom position f=40 
ram, that is, the difference between the in-focus positions at the 
first and second predetermined zoom positions, and the in-focus 
position at the infinite distance, that is, the distance to the 
reference position. For positive and negative signs, the positive 
sign indicates a position closer to the image plane. 
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[0157] 
[Table 7] 



IN-FOCUS POSITION AT 
F=40 


REFERENCE POSITION 


5.140 


6.750 



(unit ram) 

[0158] The values in Table 7 are represented in steps of moving 
amount of the focus lens unit in Table 8. That is. Table 8 shows 
the in-focus position of the focus lens unit V at the second 
predetermined zoom position f=40 mm (the difference between the 
in-focus positions at the first and second predetermined zoom 
positions) when the in-focus position at the first predetermined 
zoom position f=90 mm for an arbitrary object is defined as the 
origin, and the distance from the in-focus position at the first 
predetermined zoom position and the reference position, both in 
steps . 

[0159] Similarly to Embodiment 2, one step is defined as d equal 
to 1 and to 0.024 (d=l=0.024)' in Embodiment 3. For positive and 
negative signs, the positive sign indicates a position closer to 
the image plane. 
[0160] 



[Table 8] 



IN-FOCUS POSITION AT 
F=40 


REFERENCE POSITION 


214 steps 


281 step 



[0161] Such a data table as shown in Table 8 including the 
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number of steps representing the difference between the in-focus 
positions at the first and second predetermined zoom positions in 
association with the number of steps representing the distance 
from the first or second in-focus position to the reference 
position, is provided for each of a required number of object 
distances from the infinite distance to the minimum object 
distance. The data tables are previously stored in the data 
memory 212a or the other memory. 

[0162] The data table including the number of steps representing 
the difference between the in-focus positions at the first and 
second predetermined zoom positions is read, the reference 
position written in the table (for example, the number of steps 
from the in-focus position at the first predetermined zoom 
position) is read, and the read position is determined as 
reference position data. 

[0163] Another method is to previously store data tables each 
including the number of steps representing the difference between 
the in-focus positions at the first and second predetermined zoom 
positions in association with a zoom tracking curve in the data 
memory 212a or the other memory. The number of the stored data 
tables corresponds to the number of zoom tracking curves. 

[0164] In this case, it is possible that the data table 

including the number of steps representing the difference between 
the in-focus positions at the first and second predetermined zoom 
positions is read, the zoom tracking curve written in the table is 
read. Further, the number of steps representing the distance from 
the first or second focusing position to the reference position in 
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the zoom tracking curve is obtained, and the value is determined 
as reference position data. 
[0165] (Embodiment 4) 

Each of Embodiments 1 to 3 has been described for the case 
where the reference position is determined on the basis of the 
difference between the in~focus positions at the two predetermined 
zoom positions (including the wide-angle end and the telephoto 
end) . However, it is possible that three or more predetermined 
zoom positions are set and the reference position is determined on 
the basis of the difference among the in-focus positions at the 
predetermined zoom positions. This can enhance the accuracy of 
flange focal distance adjustment. 
[0166] (Embodiment 5) 

Each of Embodiments 1 to 4 has been described for the case 
where the flange focal distance adjustment is performed when the 
lens controllers 112 or 212 receives the operation signal from the 
flange focal distance adjustment switch 113 or 213, or the 
supplied power. However, flange focal distance, adjustment may be 
automatically performed when a displacement of the reference 
position (the flange focal distance) is detected while images are 
taken. Alternatively, a circuit may be provided to output a 
signal indicating that the flange focal distance is displaced. 
[0167] For example, an arbitrary object at a finite distance is 
brought into focus at a zoom position on the telephoto side, and 
the camera performs zooming to the wide-angle side on the object 
along the zoom tracking curve. In this case, if the strength of 
the video signal is extremely reduced and a phenomenon recognized 
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as an image blur repeatedly occurs, it is determined that the 
flange focal distance is displaced. A warning signal is issued or 
the flange focal distance is automatically adjusted. This makes 
it possible to realize an image-taking system which has the flange 
focal distance always adjusted. 

[0168] While Embodiments 1 to 5 have been described for the zoom 
lens system of the type in which the drive unit serving as the 
control apparatus is mounted on the zoom lens, the present 
invention is applicable to a zoom lens system in which a zoom lens 
contains a control apparatus. 

[0169] In addition, the present invention is applicable to an 
interchangeable zoom lens having an optical structure other than 
that of the zoom lens described in each of Embodiments 1 to 5, 
[0170] As described above, according to Embodiments 1 to 5, the 
flange focal distance adjustment can be performed automatically 
and accurately with a simple structure by using an object at an 
arbitrary distance in the zoom lens of a rear focus type. The 
reference position is set (stored), that is, the flange focal 
distance adjustment is performed to subsequently control the 
position of the second lens unit with the in-focus position data. 
It is thus possible to accurately maintain the focusing state when 
magnification is varied. 

[0171] It is possible that the lens controller determines 

whether or not focusing can be achieved for an object at a 
distance from the minimum object distance to the infinite distance 
at the telephoto end. When it is determined that focusing cannot 
be achieved, the object is out of the range of object distances 
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where focusing can be achieved over the entire zoom range, so that 
appropriate flange focal distance adjustment cannot be performed 
with the object. In this manner, the flange focal distance 
adjustment can be accurately performed by determining whether or 
not focusing cannot be achieved as described above. 
[0172] The flange focal distance adjustment switch 113 or 213 is 
provided as an operation member for instructing the lens 
controller to perform the setting operation of the reference 
position (that is, the flange focal distance adjustment) . Thus, a 
user can perform the flange focal distance adjustment at an 
arbitrary point in time. 

[0173] In addition, upon reception of the image-pickup signal 
from the camera, the lens controller detects the focusing state of 
the zoom lens based on the image-pickup signal and determines 
whether or not the focus lens unit is at the in-focus position. 
It is thus possible to complete the setting operation of the 
reference position in the drive unit serving as the control 
apparatus . 

[0174] While each of Embodiments 1 to 5 has been described for 
the case where the lens controller determines whether or not the 
focusing is achieved on the basis of the image-pickup signal 
received from the camera, the camera (camera controller) may 
perform such focusing determination and transmits a signal 
indicating the determination result to the lens controller. 

[0175] While preferred embodiments have been described, it is to 
be understood that modification and variation of the present 
invention may be made without departing from the scope of the 
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following claims. 



